Background and objectives We clarified the impact of omentectomy for advanced gastric cancer on patient survival from the surgical results of a high-volume center in Japan.
Introduction
The omentum is a mesenteric tissue apron that hangs down from the stomach, providing a protective cushion and reduction of intestinal adhesion. It also serves as an antibacterial defense, absorbs foreign materials in the abdominal cavity, and provides a defense against an inflammatory site [1, 2] . A kind of lymphoid tissue, the so-called milky spot, exists in the omentum and acts as a gate through the abdominal cavity into the subperitoneum [3] , which contributes to the peritoneal seeding of cancer cells [4, 5] . Thus, complete resection of the greater omentum has been believed to be essential to eliminate tumor cells during surgery for gastric cancer [6, 7] .
However, there has so far been no evidence showing a definitive improvement of survival after gastrectomy with omentectomy, even for cases of advanced gastric cancer. In the Japanese gastric cancer treatment guidelines 2010 (version 3) edited by the Japanese Gastric Cancer Association, there is no definite comment regarding omentectomy; instead, the guidelines state that 'Removal of the greater omentum is usually integrated in the standard gastrectomy for T3 (SS) or deeper tumors. For T1/2 tumors, the omentum more than 3 cm away from the gastroepiploic arcade may be preserved [8] . ' The complete removal of the peritoneum from the abdominal cavity is theoretically impossible; therefore, the effect of omentectomy on the prevention of peritoneal relapse may be limited. Moreover, adjuvant S-1 monotherapy after curative gastrectomy for stage II/III gastric cancer has been established on the basis of a phase III trial conducted in Japan [9] , which indicated that systemic chemotherapy may eliminate micrometastatic disease better than surgical intervention. In fact, some studies reported from Japan demonstrated that omentum-preserving gastrectomy for advanced gastric cancer might not have any significant effect on patient survival [10, 11] . Recently, laparoscopic surgery for gastric cancer has become widespread in Japan, and several clinical trials of laparoscopic gastric surgery for advanced disease are now ongoing. The greater omentum is usually preserved in laparoscopic surgery.
We herein attempted to evaluate the impact of omentectomy for advanced gastric cancer on patient survival based on the surgical results of a high-volume center in Japan.
Materials and methods

Study population
Patients who underwent curative gastrectomy for advanced gastric cancer were selected from a prospective database established at the Gastroenterological Center, Yokohama City University Medical Center. The inclusion criteria were (1) histologically proven adenocarcinoma, (2) having undergone a gastrectomy, (3) pT2-4, N0-3, M0, (4) received D1 or more radical lymphadenectomy, and (5) achieved R0 resection. Patients with type 4 tumors were excluded because their pathogenesis may have been different from that of other patients. Patients with positive peritoneal lavage were also excluded. Those who fulfilled the criteria were divided into two groups: group R, patients who received conventional gastrectomy with a complete resection of the omentum; and group P, patients who received omentum-preserving gastrectomy. We used propensity score-matching to assemble a cohort in which patients who received omentum-resected and omentumpreserving gastrectomy would be balanced on the basis of their baseline characteristics. Each patient in group P was matched by age, gender, p-stage, and the extent of lymph node dissection to a patient in group R. After adjusting such factors, relapse-free survival and the pattern of recurrence were compared between the matched cohorts. Overall survival and postoperative complications, including ileus, were also evaluated.
Surgical procedures
Omentum-preserving gastrectomy was performed as follows: the greater omentum was dissected 3 cm away from the gastroepiploic arcade, and the greater omentum on the transverse colon side was preserved. Following this procedure, distal or total gastrectomy with D2 dissection was performed. The reconstruction was performed by the Roux-en-Y method in patients undergoing total gastrectomy, and by the Billroth-I or Roux-en-Y method in those undergoing distal gastrectomy, with an end-to-side anastomosis using a circular stapler. On the other hand, when a conventional gastrectomy was performed, the transverse colon and the greater omentum were divided at the thin membrane beside the colon, and the omentum was completely resected. We have performed omentum-preserving gastrectomy for advanced gastric cancer prospectively since 2007 on the basis of a previous Japanese study [10, 11] when patients provided their acceptance. The institutional review board approved this study.
Clinical evaluation
The UICC TNM classification (7th edition) was used to evaluate tumor progression, histopathological grading, and residual tumor (R) classification. Postoperative complications were diagnosed based on Clavien's system [12] .
Statistical analysis
All data were presented as the median and total range unless otherwise stated. The chi-square test was used to compare proportions. Student's t test was performed to compare continuous data. Survival was calculated by the Kaplan-Meier method and was then compared by the logrank test. Cox's proportional hazard model was also used to perform the survival analysis. P \ 0.05 was considered statistically significant.
Results
Baseline characteristics
Between January 2000 and December 2009, 330 patients fulfilled the inclusion criteria and participated in this study. The patients, 231 men and 99 women, had a mean age of 67.9 years (range, 39-91). A change in the proportion of each group is shown in Fig. 1 .
The baseline characteristics of the study population are shown in Table 1 . The patients in group R were younger, had more progressive disease, and received more radical surgical treatment than those in group P. In addition, a difference was observed in the period in which they underwent gastrectomy. As demonstrated in Table 1 , the baseline characteristics were well balanced in the matched populations, although the surgical procedures, the period in which patients received gastrectomy, and the proportion of the patients who received adjuvant chemotherapy differed between the groups. No statistical differences in either relapse-free survival or overall survival were observed between the matched patients and those excluded (P = 0.915 and 0.563, respectively). Figure 2 shows the relapse-free survival curves for the two groups. The median follow-up time of the survivors in each group was 5.1 (range, 0.5-10.9) years in group R and 3.3 (range, 0.3-5.8) years in group P, respectively. The 3-and 5-year relapse-free survival rates were 72.9 % (95 % confidence interval, 64.1-81.7) and 66.2 % (56.6-75.8 %) in group R, and 76.7 % (67.9-81.2) and 67.3 % (55.1-79.5) in group P, which were not significantly different (P = 0.750, by the log-rank test). When stratified by histopathological type, relapse-free survival did not differ substantially between the groups (P = 0.668 in differentiated type; P = 0.978 in undifferentiated type). The sites of relapse in each group are shown in Table 2 ; no significant difference was observed between the groups (P = 0.863). Figure 3 shows relapse-free survival curves limited to the patients with pT3/T4 tumors (Fig. 3a) and to those with pT4 tumors (Fig. 3b) . No significant differences were observed between the two groups (P = 0.668 and P = 0.949, respectively).
Surgical outcomes
Overall survival was not statistically different between the groups, as shown in Fig. 4 . The 3-and 5-year survival rates were 77.9 % (69.5-86.3) and 66.6 % (57.0-76.2) in group R and 89.3 % (82.6-96.0) and 79.6 % (68.2-91.0) in group P (P = 0.051). A univariate Cox analysis for overall survival demonstrated no statistical difference in the overall survival between the two groups (P = 0.055, Table 3 ). Elapsed time of the operation was longer and the amount of bleeding was significantly higher in group R than in group P, whereas the number of patients who suffered postoperative complications and ileus did not differ, as demonstrated in Table 4 .
Discussion
In Japan, gastric cancer is the most common malignancy and one of the leading causes of cancer death. Peritoneal dissemination is the most common type of recurrence after curative gastrectomy. Therefore, the omentum is usually resected to eliminate the microscopic seeds on the assumption that the omentum facilitates the spread of malignancy. However, few studies have focused on the effect of omentectomy on the patient survival. Fujita et al. [10] compared the surgical results of omentum-preserving gastrectomy for advanced gastric cancer (pT2-T4a) to those for conventional gastrectomy. They demonstrated that long-term results did not differ between the groups, whereas the incidence of postoperative complications was higher in the patients who received conventional gastrectomy. Watanabe et al. [11] also reported similar results. Those studies suggested that omentum-preserving gastrectomy might be beneficial for patients with advanced gastric cancer. However, both reports had problems with comparability between the groups; namely, the patients who received omentectomy had more progressive disease than those received omentum-preserving surgery. Omentum-resecting gastrectomy (Group R, N=180)
Omentum-preserving gastrectomy (Group P, N=150)
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Our results support their conclusions. Relapse-free survival and the sites of relapse did not differ between the two matched cohorts, suggesting that omentum-preserving gastrectomy for advanced gastric cancer may not increase the risk of peritoneal relapse. Overall survival was not statistically different between the two groups, although it was slightly better in group P; this may be explained by differences in the systemic chemotherapy that the patients received after recurrence. Even in the matched cohort, the period in which patients received gastrectomy was different between the groups (Table 1) , and the median follow-up times were shorter in group P, which may have affected these results. Regarding postoperative complications, Ha et al. [13] reported the effects of omentum-preserving gastrectomy on early and late abdominal complications. They demonstrated that the rate of abdominal complications was lower in the omentum-preserving group compared to the omentumresected group (P = 0.026). Fujita et al. and Watanabe et al. [10, 11] reported similar results. In this study, the rate of postoperative complications was slightly lower in group P (37.8 % vs. 40.8 %), but the difference did not reach statistical significance. The duration of the operation was longer, and the amount of bleeding was greater, in group R, which may imply that the patients in group R underwent more aggressive surgery than those in group P. More than half of the patients in group R received total bursectomy as well as omentectomy, and the number of the patients who received splenectomy was greater in group R (P = 0.003). These differences in each surgical procedure, other than the omentectomy itself, may have concealed the effects of omentectomy on surgical morbidity.
Recently, a randomized controlled trial to evaluate the impact of omentobursectomy was reported from Japan, which indicated that this procedure might improve patient survival [14] . Although the trial was slightly underpowered, this is thought to be the first report that evaluated the impact of bursectomy on survival. A phase III study is ongoing in Japan to confirm these results.
Controversy still exists about the contribution of surgical intervention to the elimination of cancer cells for the prevention of peritoneal relapse. Although we tried to minimize any selection bias, our study was a retrospective analysis in which various therapeutic factors, e.g., total bursectomy, splenectomy, and adjuvant chemotherapy, may also have affected the results. Relapse-free Survival Omentum-preserving gastrectomy 387
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Nevertheless, this study reports the surgical results of omentum-preserving gastrectomy for advanced gastric cancer by comparing well-balanced groups. These results may be worth confirming by means of a well-designed prospective study.
Conclusion
In this series, omentum-preserving gastrectomy for advanced gastric cancer did not increase the peritoneal relapse rate and did not affect the survival of patients compared to conventional gastrectomy. The non-inferiority of the omission of omentectomy should be evaluated in a randomized controlled trial. 
